Abstract
INTRODUCTION
In 1864 A. F. Rezal, a French scientist, had developed an equation, which thermodynamically describes the basic elements of the shot. At that time, the internal combustion engines still have not been invented. However, in 1910 the Russian scientist N. F. Drozdov published the first general methodology, which provides solutions of the internal ballistics' tasks. A little earlier in 1907 was published the first working theory of the internal combustion engines by the Russian Professor V.
I. Grinevetski. By analyzing the theories of internal ballistics and the internal combustion engines of this period it is clear that both of them have nothing in common. This situation remained until the end of World War II and shortly thereafter. With the discovery of the electronic computing machines began the development of differential methods for engineering calculations. Namely one such method is a quasi-stationary thermodynamic process based on the first principle of thermodynamics for open thermodynamic system with fixed and mobile borders (Andiushenko, 1975) (Petrichenko & et al., 1990) . A new aspect of the method with regard on the theory of the internal combustion engines will be shown herein, caused by the author's experience to apply the terms of the internal ballistics and other aspects, relating to gas turbine engines and rocket engines with liquid fuel (Holshevnikov, K.V; Emin, O.N; Mitrohin, V.T; , 1986) (Vasiliev, A.P; Kuznecov, V.A; et al., 1993) .
ANALYSIS
In general, in the presence of inflow and outflows, the equation of the first law of the thermodynamics according to the classical conception (Andiushenko, 1975) (Petrichenko & et al., 1990) :
where: dQ is the elementary quantity of heat, introduced or lead into the working substance; p -the pressure in the system's volume; dU -the elementary change in the system's internal energy.
In presence of a combustion process inside the thermodynamic system, the imported quantity of heat and produced gases as a result of chemical reaction do not overpass the system, i.e. they do not come from outside. In the case of the produced gases with elementary mass, the ejection energy -v p , which is due to an external source and is a component of enthalpy, is not reported. Therefore, the internal combustion leads to a modification only of the internal energy of the systemu . In this case, equation (1) is as follows:
where:
gg u dm is the internal energy of the gases, produced as a result of the combustion.
The differential equation (2) is the first law of thermodynamics for open thermodynamic system with movable and fixed boundaries and internal source of gases and heat.
The internal ballistics is a science, which mainly represents the theory of thermodynamic and gas dynamic processes, taking place in the classic barreled and recoilless barreled firing weapons and rocket engines with solid fuel. For the conditions of the internal ballistics from equation (2) is obtained an equation, expressing the rate of change of the temperature in the barrel and the approximate scheme, shown in Fig. 1 , under the following conditions: The working body has the properties of an ideal gas with the proviso that the co-volume (the volume of molecules) has been taken into account; the processes in which it is involved, are quasi-equilibrium. No restrictions are imposed on the development of the process. For continuously changing are accepted: the pressure p , the temperature T, the volume V. Equation (2) can be written in the following way:
where: 
After dividing of the both sides of the equation on the magnitudeMc T v , and after grouping the following is obtained:
Considering that during the combustion of an explosive charge are formed gases in addition to the heat release, then
(
The differential temperature after transformations is finally as follows:
The equation (6) gives the relation between the relative changes of the mass of the working substance, the cylinder's volume, the conditions of heat exchange and the relative amount of the introduced heat. It is a differential equation for determining the change in the temperature in the barrel and can be considered as a new basic equation of the internal ballistics.
The current value of the temperature in the barrel is calculated by the equation:
The equation for the state is used to calculate the current value of the pressure.
Due to the great hardness of the differential law of the combustion of the charge ψ d at the start and in the end of the combustion is better for the period of combustion of the charge to be used the integral form of the basic equation (6), because it comprises the integral law for combustion ψ , and the last one has another nature. After integrating (6), within the burning charge is obtained For determining the current value of the volume is used the equation (Serebriakov, 1962) (Kuveko, A.E; Miropolski; F.P, 1987) ch c ch ch
c V is the volume of the chamber;  -the coefficient of heat and gas release -analogous to the coefficient of active heat release in ICE;
 -covolume (specific volume of the molecules).
If for the conclusion of the basic equation is not used equation (2) but equation (1), i.e. it is accepted that enthalpy is imported during combustion in the thermodynamic system, then equation (4) (6) and (10) (6). The dependence of the difference of the pressure is linear and at a maximum pressure of about 2500-3000 at. it exceeds 25%. This proves that in the thermodynamic system during internal combustion is not imported enthalpy, but internal energy. For the piston internal combustion engines, for which in (Petrichenko & et al., 1990 ) is applied equation (1), with a precondition for submission of enthalpy, in which the maximum pressure rarely exceeds 100at. this difference is in the range of 0.5-1.5% and it is difficult to detect in the general background of thermal, mechanical and other losses.
To describe the process in the channel between the barrel and the gas engine it is considered that the temperature in the connecting channel is different from the temperature in the barrel. In this case, the equation of the first law of thermodynamics for the conditions of the channel is the following:
where: ( 1)
For description of the process in the cylinder of the gas engine is considered that the temperature in the cylinder of the gas engine is different from the temperature in the connecting channel. In this case, the equation of the first law of thermodynamics under the conditions of cylinder gas engine will be the following:
where: ge T -the temperature of the gases in the cylinder of the gas engine.
After processing of equation (14), as shown above, the equation describing the change in temperature in the cylinder of the gas engine was obtained ( 1) Fig.2 . shows the pressure variation in the barrel, in the accession channel (middle curve) and the cylinder of the gas engine of "Kalashnikov" with 7,62X39 ammunition. The calculations were made by the expressions (6), (8), (13) and (16) respectively and with detailed mathematical modeling of the thermal and mechanical losses, the after-effect and the gas outflow. The process of leakage is proved with non-stationary gas dynamic model. The difference between the estimated factory value for the maximum pressure is 0,11% and for the speed in the barrel is 3% respectively.
The equations expressing the rate of change of the temperature and pressure in the cylinders of a piston internal combustion engine during the working process (with closed valves) are obtained from the equation (2) and the approximation scheme shown in Fig. 3 . Equation (2) takes the following form
Taking into account the following relations, equation (17) is transformed: Furthermore, the coefficient of mole variation of piston engines is changing in a very narrow range of 1.15 to 1.01, closer to unit, due to air ratio, then the mass variation of the gases during combustion can be ignored, i.e. 0 dM  . In this case, the differential of the temperature of the working process can be determined from (17) and obtains the following form,
The differential equation for pressure variation is obtained, using the differential form of the equation of state.
To determine the temperature and pressure in the cylinder during the gas exchange processes is assumed that the temperature in the cylinder of the engine is different from the temperature in the filler collector, while the temperature in the outlet collector has a little difference to that in the cylinder. In this case, the equation of the first law of thermodynamics for the conditions of the engine cylinder will be the following, 
